Unexpected previous findings in countercurrent electromigration experiments are explained and a new measuring technique based on dual temperature or dual composition experiments is proposed.
In order to understand some unexpected previous findings during countercurrent electromigration experiments and to describe a new type o f such experiments, the following situation shall be con sidered:
A tube is filled with molten salts consisting of different coions and a common counterion. In the tube there is a range of gradients in temperature and/or composition connecting ranges o f uniform temperature and composition. The counterions electromigrate with a velocity such that the average position of the coions does not move or moves only little with respect to the gradients. The mobilities of the different coions with respect to the counterion depend differently on temperature and/or composi tion.
Evidently, in this situation the composition o f the melt in the range of the gradients changes with time even if diffusion is negligible. The following cal culations are made in order to explain previous observations o f this kind and to show how measure ments of this effect can give information about the temperature -and composition -dependence of the internal mobilities of the coions.
Such measurements have to be made by deter mining after the electrolysis the overall composition o f the melt between two cross sections on either side of the range of the gradients and comparing it with the original composition of the equivalents found between the two cross sections. If the composition at the two cross sections differs, the original overall composition between the cross sections is only Reprint requests to Prof. Dr. A. Klemm, Saarstr. 23, D-6500 Mainz.
known for certain groups of coions whose composi tion was uniform throughout the tube before the electrolysis. Usually isotopes are such groups, but also groups of elements can be made to fulfill this requirement.
Let y\ k)
}'\ k) = 1 j he the original equivalent fractions of the members i of a group k, the composition of which was uniform throughout the tube before the electrolysis, and let yk yk = 1 j he the equivalent fractions of all the coionic groups and non-grouped coions.
The quantities relating to the ranges o f uni formity on either side of the range of the gradients shall be written without and with a prime, respec tively.
Let 5 and S' be the cross sections in the two ranges of uniformity, respectively, the distance be tween S and S' changing in such a way that Nk, the number of equivalents of the considered group k between S' and S', remains constant: 
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The current 1 from S to S' can be expressed as
From (1) and (2) 
FNk yf ykvtk
On integrating the l.h.s. of (5) with introduction of the current time integral (2(0, and on introducing on the r.h.s. of (5) the internal mobilities bt and bk with respect to the counterions g, one obtains
In the experiments to be discussed the groups were L i+ and K + with the members 6L i+ and 7L i+, and 39K+ and 41K +, respectively. In these cases we can use molar fractions .y instead o f equivalent fractions y and have to apply the positive sign before Q(t). Putting k = A ,B and / = 1,2, (6) for member 1 of the group A can be written in the form
and corresponding definitions for e'c and e'A. By interchanging A and B and/or 1 and 2 other formulas may be obtained.
For the case of a pure salt (xA = = 1,
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The proposed new type o f experiments consists in getting values of the right hand sides of (6), (7) (6), (7) and (10), and these equations become those valid for the usual arrangements of countercurrent electromigration experiments for the determination of internal m obility ratios. Equation (10) shall now be applied for the ex planation of the following previous results found in experiments on pure salts:
1. In an experiment on K N 0 3, 39K was enriched near the mouth of the separation tube towards a large cathode compartment where the isotopic composition o f K had practically remained un changed [2] , Explanation: D ue to Joule heating the temperature was higher in the separation tube than in the cathode compartment, i.e. the temperature was higher at 5 than at S'. Now £K(A = K, 1 = 39K, 2 = 4IK) increases with temperature [3] . Thus eA was greater than e'a, and therefore, according to (10), .Y* was greater than x x.
2. In a similar experiment on L iN 0 3 this was true for the light isotope 6Li [4] , The explanation is similar: eLi(A = Li, 1 = 6Li, 2 = 7Li) increases with temperature [4] , 3 . In an experiment on KC1 with a negligible (5 mol %) admixture of L iC l, 39K was depleted near the mouth o f the separation tube towards a large anode compartment, where the isotopic composition of K had practically remained unchanged [5] . Ex planation: The temperature was lower at S than at S'. Now £K( A = K , 1 = 39K, 2 = 41K) increases with temperature [6] , Thus eA was smaller than eA, and therefore, according to (10), x* was smaller than .Xj. Contrary to the above cases, e-n (A = Tl, 1 = 203T1, 2 = 205T1) in T1C1 has been found to decrease with temperature [7] . This result could be checked with an experiment based on (10). The method being differential, its results would probably be more accurates than the comparison o f two results ob tained with an absolute method.
There exist also observations made in cases where the composition of the melt at S and S' was different, and these shall now be compared with (7). The experiments have been made on the following systems: The observations concern the mouth of the separa tion tube towards a small anode compartment. In the anode compartment the heavy isotopes and the element with the smaller mobility are enriched. This element was K in experiments 1. and 3. and Li in experiments 2. and 4., the latter due to the Chemla effect. The cross section S must be imagined in the anode compartment, where the L i/K ratio is uniform though changing with time, and the cross section S' somewhere in the separa tion tube at a place of unchanged composition. In the range of the gradients, i.e. between S and S\ an enrichment of 39K was found in experiments 1. and 3., and an enrichment of 6Li in experiments 2. and 4., i.e. the light isotope of that element, which was enriched at the anode, was enriched in the range where this element became less abundant then at the anode. This is what one would expect because in this range a fraction of the current, the fraction increasing with the distance from the anode, is taken over by the other cationic element. This has a similar effect as the taking over of the current by electrons at the cathode. Thus, as happens at the cathode, the light isotopes are enriched in this range. On the contrary, for the other cationic ele ment, which is depleted at the anode, the range of the gradients acts like an anode, i.e. the heavy isotope of this element is enriched there. This, however, is not so easy to detect experimentally because the heavy isotope is simultaneously en riched at the true anode. The effect would only be showing up by the range o f the enrichment ex tending farer into the separation tube than caused by mere diffusion. Equation (7) tells us that this is not the whole story. If A is identified with the element that is enriched at the anode and 1 with the light isotope of that element, the result x f > Xj has been explained above by .vA > "xA . There are, however, the factors (1 + .vB£c)eA and (1 -Kyb£c)£a> which are positive but not equal. The experiments have shown that the difference between the two factors is too small for changing the qualitative result. From an accurate experiment done along the lines described in the beginning o f this paper, however, it should be possible to determine (1 + .y'B£c) £a if (1 + * b £ c) £ a is known.
In [9] a numerical computation, taking diffusion into account, o f the composition profile between S' and S' in case o f experiment 4. has been reported, which agrees well with the experimental profile.
Appendix

Isotope E ffe c ts in a Countercurrent Electromigration Experiment on a Melt Consisting of 5% LiCl and 95% KCl
A mixture o f 5 mol% LiCl and 95 mol% KLC1 was electrolyzed in a U-shaped cell made of Vycor, see Figure 1 . The inner diameter was 20 m m for the wide tubes and 4 m m for the narrow tube, the latter having been filled with quartz powder before the molten salt mixture was poured into the long wide tube. The total length of the "separation tube" (i.e. the narrow tube) was 26 cm. Carbon rods were used as electrodes, and the arrangement was such that the amout of salt above the separation tube was small on the cathode side but large on the anode side. The temperature was 800 °C on the anode side, but considerably higher in the separation tube due to Joule heating. The duration was 42 h and the total transported charge was 7.95 Ah. The accuracy of the chemical analysis was not good enough to allow for an evaluation o f the L i+/K + mobility ratio. Also 6L i/7Li abundance ratios have not been measured. The 39K /4IK abun dance ratio was determined mass spectroscopically for 17 samples from differernt parts of the cell. As expected, the light isotope 39K was enriched in the cathode compartment and the adjacent part o f the separation tube (at least a couple of cm's). This was followed by a long stretch without any significant deviations from the normal abundance ratio. How ever, the two last samples (with a total length of about 6 cm) before the anode compartment showed a slight but significant enrichment of 41K relative to the central part of the separation tube as well as to the large amount o f salt on the anode side.
We have calculated the separation factor Q = Rj/Ro, where R , is the 39K /41K abundance ratio for a sample i and R 0 is the normal ratio. We obtained Q = 1 + 0.037 for the salt in the cathode compartment and Q = 1 -0.009 for the two samples with the anomalous enrichment of 41K Thus, the present experiment did show the same type of anomaly as found in the previous investiga tions on pure K N 0 3 [2] and pure L iN 0 3 [4] , The temperature gradient in the region of the anomaly was larger in the present investigation because the separation tube was not surrounded by molten salt, as was the case in the two previous investigations.
